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&DUGLRUHVSLUDWRU\ILWQHVV 
)LWQHVVZDVHVWLPDWHGIURPKHDUWUDWHUHFRUGLQJVGXULQJVXEPD[LPDOF\FOHHUJRPHWU\XVLQJWKH
3K\VLFDO:RUN&DSDFLW\3URWRFRO3:&0RQDUNF\FOHHUJRQRPHWHU3:&LVWKHPD[LPDO
VWHDG\VWDWHSRZHUDWWDLQHGIRUDKHDUWUDWHRIEHDWVSHUPLQXWHRQDF\FOHHUJRPHWHU
3DUWLFLSDQWVF\FOHGDWDQLQLWLDOZRUNORDGRIZDWWV:DQGDLPHGWRZRUNDWDUDWHRI
USPIRUPLQXWHVHDFKDWVXFFHVVLYHO\LQFUHDVLQJEXWVXEPD[LPDOZRUNORDGVRI:
LQFUHPHQWV3:&ZDVDVVHVVHGE\OLQHDUUHJUHVVLRQZLWKH[WUDSRODWLRQRIWKHOLQHRIEHVWILW
WRDKHDUWUDWHRIEHDWVSHUPLQXWH)LWQHVVZDVDGMXVWHGIRUERG\ZHLJKWWRQRUPDOLVHWKH
HIIHFWVRIERG\VL]HRQZRUNORDGRXWSXW7RLGHQWLI\WKRVHZLWKORZPLGGOHDQGKLJKILWQHVV
OHYHOVSDUWLFLSDQWVZHUHJURXSHGLQWRWHUWLOHVRIILWQHVVJURXSV
%LRFKHPLVWU\
9HQRXVEORRGVDPSOHVZHUHWDNHQDIWHUDQRYHUQLJKWIDVWDQGDQDO\VHGLQWKH3DWK:HVW
/DERUDWRU\DW5R\DO3HUWK+RVSLWDOIRUVHUXPJOXFRVHLQVXOLQWRWDOFKROHVWHUROWULJO\FHULGHV
KLJKGHQVLW\OLSRSURWHLQFKROHVWHURO+'/&DQGKV&53KLJKVHQVLWLYLW\&UHDFWLYHSURWHLQ
/RZGHQVLW\OLSRSURWHLQFKROHVWHURO/'/&ZDVFDOFXODWHGXVLQJWKH)ULHGHZDOGIRUPXOD
$QDGYHUVHOLSLGSURILOHDVGHILQHGE\WKH1DWLRQDO&KROHVWHURO(GXFDWLRQ3URJUDP([SHUW3DQHO
RQ&KROHVWHURO/HYHOVLQ&KLOGUHQZDVLGHQWLILHGDVKDYLQJWULJO\FHULGHV!PPRO/+'/&
PPRO/DQG/'/&!PPRO/7KHKRPHRVWDVLVPRGHORIDVVHVVPHQWIRULQVXOLQ
UHVLVWDQFH+20$,5ZDVFDOFXODWHGXVLQJWKHIRUPXODIDVWLQJLQVXOLQ8PO[IDVWLQJ
JOXFRVHPPRO/
%ORRGSUHVVXUH
6\VWROLF%3DQGGLDVWROLF%3ZHUHPHDVXUHGXVLQJDQRVFLOORPHWULFVSK\JPRPDQRPHWHU
',1$0$3YLWDOVLJQVPRQLWRU',1$0$3;/YLWDOVLJQVPRQLWRURU',1$0$3
3UR&DUH*(+HDOWKFDUHDIWHUUHVWLQJLQDVXSLQHSRVLWLRQIRUPLQXWHVDQGXVLQJWKH
DSSURSULDWHFXIIVL]HRQWKHULJKWDUP6L[%3UHDGLQJVZHUHREWDLQHGHYHU\PLQXWHVDQGWKH
DYHUDJH%3ZDVFDOFXODWHGXVLQJWKHODVWILYHUHDGLQJV%3ZDVUHFRUGHGRQDVHSDUDWHGD\WRWKH
3:&DVVHVVPHQW3UHK\SHUWHQVLYHDQGK\SHUWHQVLYHLQGLYLGXDOVZHUHJURXSHGWRJHWKHUDQG
GHILQHGDVQRQVH[VSHFLILFV\VWROLF%3WKSHUFHQWLOH
'HPRJUDSKLFDQGVRFLREHKDYLRXUDOIHDWXUHV
6RFLREHKDYLRXUDOGDWDZHUHDVVHVVHGYLDDFRPSXWHUEDVHGTXHVWLRQQDLUH$OFRKROFRQVXPSWLRQ
LQFOXGHGWKHW\SHEHHUVSLULWVRUZLQHDQGDPRXQWFDQVWXEE\QLSJODVVRUVWDQGDUGGULQNRI
DOFRKROLFEHYHUDJHVFRQVXPHGGDLO\GXULQJWKHSUHYLRXVGD\V$OFRKROFRQVXPSWLRQZDV
GHILQHGDVWKHDYHUDJHQXPEHURIVWDQGDUGGULQNVFRQVXPHGSHUGD\ZKHUHVWDQGDUGGULQN
HTXDWHVWRJRIHWKDQRO$GULQNHUZDVDFRQVXPHURIDOFRKRODWDQ\OHYHOGXULQJWKHSUHYLRXV
ZHHN6PRNLQJVWDWXVZDVDVVHVVHGIURPWKHQXPEHURIFLJDUHWWHVVPRNHGHDFKGD\GXULQJWKH
SUHYLRXVGD\V2UDOFRQWUDFHSWLYH2&XVHLQJLUOVZDVGHILQHGE\D<HVRU1RDQVZHUWRWKH
TXHVWLRQµ,QWKHODVWPRQWKVKDYH\RXWDNHQDQ\SUHVFULSWLRQPHGLFDWLRQVHJWKH3LOO"¶DQG
µLI\HVZKLFKPHGLFDWLRQVDQGDUH\RXVWLOOWDNLQJLW"¶'LHWDU\GDWDZHUHFROOHFWHGIURPD
YDOLGDWHGLWHPIRRGIUHTXHQF\TXHVWLRQQDLUHGHYHORSHGE\WKH&RPPRQZHDOWK6FLHQWLILFDQG
,QGXVWULDO5HVHDUFK2UJDQLVDWLRQ$GHODLGH$XVWUDOLD7ZRGLHWDU\SDWWHUQVµ:HVWHUQ¶DQG
µ+HDOWK\¶ZHUHLGHQWLILHGXVLQJIDFWRUDQDO\VLV'HWDLOVRIWKHPHWKRGRORJ\WKHUHOLDELOLW\
DQGWKHYDOLGLW\RIWKLVIRRGIUHTXHQF\TXHVWLRQQDLUHKDYHEHHQSUHYLRXVO\SXEOLVKHG
$QQXDOIDPLO\LQFRPHZDVFDWHJRULVHGDV$XVWUDOLDQGROODUVORZIDPLO\LQFRPH
WRPLGGOHIDPLO\LQFRPHDQGKLJKIDPLO\LQFRPHDW\HDUVIURP
WR
'RZQORDGHGIURPKWWSVDFDGHPLFRXSFRPMFHPDUWLFOHDEVWUDFWGRLMF
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6WDWLVWLFDODQDO\VHV
'HVFULSWLYHGDWDZHUHVXPPDULVHGE\VH[XVLQJPHDQVJHRPHWULFPHDQVSHUFHQWDJHVDQG
&,¶V:DLVWFLUFXPIHUHQFHZDVDVVHVVHGDVWKHIDWQHVVPHDVXUHDQG3:&DVWKHILWQHVV
PHDVXUH7KHVHWZRPHDVXUHVZHUHDVVHVVHGDVFRQWLQXRXVYDULDEOHVWRDYRLGWKHXVHRIDUELWUDU\
FXWSRLQWV5LVNIDFWRUVZHUHDVVHVVHGIRUQRUPDOLW\DQGORJWUDQVIRUPHGLIVXEVWDQWLDOGHSDUWXUHV
IURPQRUPDOLW\ZHUHIRXQG)RUWKHRXWFRPHRIKV&53YDOXHV!ZHUHH[FOXGHGDVEHLQJ
OLNHO\GXHWRLQFLGHQWDOLOOQHVV,QYLHZRIWKHSRWHQWLDOHIIHFWRI2&XVHRQEORRGSUHVVXUHDQG
OLSLGVDOHYHOVH[YDULDEOHIHPDOHVQRWXVLQJ2&IHPDOHVXVLQJ2&DQGPDOHVZDVFUHDWHGWR
DVVHVVWKHHIIHFWRI2&XVHLQWKHILQDOPXOWLYDULDEOHPRGHOV,IQRVLJQLILFDQWGLIIHUHQFHZDV
GHWHFWHGEHWZHHQWKHWZRIHPDOHJURXSVDWZROHYHOVH[YDULDEOHIHPDOHVPDOHVZDVLQFOXGHG
3RWHQWLDOFRQIRXQGLQJIDFWRUVLQFOXGHGDOFRKROXVHVPRNLQJGLHWDU\SDWWHUQDQGIDPLO\LQFRPH
$VVRFLDWLRQVZLWKIDWQHVVDQGILWQHVVZHUHDVVHVVHGXVLQJOLQHDUUHJUHVVLRQRU7RELWUHJUHVVLRQLI
WKHRXWFRPHZDVFHQVRUHGDWWKHORZHUOLPLWRIDQDVVD\/RJLVWLFUHJUHVVLRQZDVHPSOR\HG
H[DPLQLQJWKHRXWFRPHRISUHK\SHUWHQVLRQDQGK\SHUWHQVLRQ3RWHQWLDOQRQOLQHDULW\RI
DVVRFLDWLRQVZDVLQYHVWLJDWHGLQLWLDOO\E\/RZHVVSORWVDQGWKHQXVLQJIUDFWLRQDOSRO\QRPLDOV
:LWKWKHH[FHSWLRQRI7RELWUHJUHVVLRQDOOPRGHOVLQFOXGHGDYDULDQFHDGMXVWPHQWIRUVLEOLQJV
ZLWKLQDIDPLO\0D[LPXPOLNHOLKRRGHVWLPDWLRQZDVXVHGWRUHWDLQLQGLYLGXDOVZLWKPLVVLQJ
FRQIRXQGHUGDWDLQWKHDQDO\VLVUHVXOWLQJLQXQELDVHGHVWLPDWHVZKHQPLVVLQJGDWDZDVPLVVLQJ
DWUDQGRP7RELWUHJUHVVLRQPRGHOVZHUHDGMXVWHGIRUFRQIRXQGLQJYDULDEOHVEXWRQO\IRUWKRVH
SDUWLFLSDQWVZLWKFRPSOHWHGDWDRQDOOFRQIRXQGHUV:HDOVRLQYHVWLJDWHGWKHLQWHUDFWLRQV
EHWZHHQVH[DQGWKHHIIHFWVRIIDWQHVVRUILWQHVVRQHDFKFDUGLRPHWDEROLFULVNIDFWRU,QWHUDFWLRQV
ZHUHH[FOXGHGIURPWKHPRGHOLIS!,QLWLDOPRGHOVZHUHDGMXVWHGIRUVH[DQGH[WHQGHG
PRGHOVIXUWKHUDGMXVWHGIRUSRWHQWLDOOLIHVW\OHFRQIRXQGHUVXQOHVV7RELWUHJUHVVLRQZDV
HPSOR\HG6WDQGDUGLVHGEHWDFRHIILFLHQWVIRUIDWQHVVDQGILWQHVVZHUHXVHGWRSURYLGHFRPSDUDEOH
PHDVXUHVRIWKHHIIHFWVL]H%HWDFRHIILFLHQWVZHUHRQO\SURYLGHGIRUVLJQLILFDQWDVVRFLDWLRQV
7KUHHGLPHQVLRQVXUIDFHSORWVZHUHJHQHUDWHGXVLQJ6$6VRIWZDUH96$6,QVWLWXWH,QF
&DU\1&86$IRUWKRVHPRGHOVZKHUHERWKILWQHVVDQGIDWQHVVZHUHVLJQLILFDQWRUZKHUH
VLJQLILFDQWLQWHUDFWLRQVZLWKVH[ZHUHGHWHFWHG6WDWD039HUVLRQ6WDWD&RUS&ROOHJH
6WDWLRQ7;ZDVXVHGIRUVWDWLVWLFDODQDO\VLV$OOUHSRUWHGSYDOXHVDUHWDLOHGDQGVLJQLILFDQFH
ZDVVHWDWĮ 
5(68/76
'HVFULSWLYHFKDUDFWHULVWLFV
$W\HDUVRIDJHFRPSDUHGZLWKIHPDOHVPDOHVZHUHKHDYLHUKDGDODUJHUZDLVW
FLUFXPIHUHQFHZHUHILWWHUDQGKDGKLJKHUV\VWROLF%3DQGPHDQEORRGJOXFRVHS7DEOH
0HDQ%0,ZDVVLPLODUEHWZHHQWKHVH[HV)HPDOHVKDGVLJQLILFDQWO\KLJKHUPHDQFKROHVWHURO
+'/&/'/&LQVXOLQKV&53DQGGLDVWROLF%3WKDQPDOHV8VLQJQRQVH[VSHFLILFFULWHULD
WKHSURSRUWLRQRISUHK\SHUWHQVLYHRUK\SHUWHQVLYHLQGLYLGXDOVZHUHVLPLODUEHWZHHQPDOHVDQG
IHPDOHVYHUVXVS $SSUR[LPDWHO\RIIHPDOHVXVHG2&DQGRI
SDUWLFLSDQWVFRQVXPHGDOFRKRODWDQ\OHYHOZLWKLQWKHSUHYLRXVZHHN$FRPSDULVRQRIWKH
VWXG\SDUWLFLSDQWVZLWKGDWDXVHGLQDQ\RIWKHDQDO\VHVLHZLWKZDLVWFLUFXPIHUHQFHDQG
SK\VLFDODFWLYLW\DQGHLWKHUEORRGSUHVVXUHRUELRFKHPLVWU\ZLWKWKRVHLQGLYLGXDOVWKDW
GLGQRWSDUWLFLSDWHLQWKH\HDUIROORZXSVKRZVWKDWWKRVHZKRGLGQRWSDUWLFLSDWHZHUHPRUH
OLNHO\WRKDYHDORZHUIDPLO\LQFRPHYVDVKRUWHUJHVWDWLRQDODJHGD\VYV
GD\VDVKRUWHUELUWKOHQJWKFPYVFPDQGORZHUELUWKZHLJKWJYV
JEXWVLPLODUPDWHUQDOZHLJKWDQGKHLJKWDWWKHWKZHHNRISUHJQDQF\6XSSOHPHQWDU\
'RZQORDGHGIURPKWWSVDFDGHPLFRXSFRPMFHPDUWLFOHDEVWUDFWGRLMF
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7DEOH7KHRULJLQDOFRKRUWFRPSULVHGRI&DXFDVLDQVZKLFKLVUHSUHVHQWDWLYHRIWKH
:HVWHUQ$XVWUDOLDQSRSXODWLRQ
,QGHSHQGHQWDVVRFLDWLRQVEHWZHHQIDWQHVVDQGILWQHVVZLWKFDUGLRPHWDEROLFULVNIDFWRUV
%ORRG3UHVVXUH
,QPRGHODGMXVWLQJIRUVH[DQG2&XVHIDWQHVVZDVSRVLWLYHO\DVVRFLDWHGZLWKV\VWROLF%3
FRHIILFLHQWS7DEOH0RGHO)LJXUHD)DWQHVVEHWDFRHIILFLHQWRI
LQGLFDWHVIRUDFKDQJHRIIDWQHVVRIVWDQGDUGGHYLDWLRQFPV\VWROLF%3ZLOOFKDQJHE\
PP+J$IWHUDGMXVWLQJIRUDGGLWLRQDOSRWHQWLDOFRQIRXQGHUVV\VWROLF%3UHPDLQHGSRVLWLYHO\
DVVRFLDWHGZLWKIDWQHVVFRHIILFLHQWSEHWDFRHIILFLHQW7DEOH0RGHO
)LWQHVVZDVQRWDVVRFLDWHGZLWKV\VWROLF%3LQWKHXQDGMXVWHGRUWKHFRQIRXQGHUDGMXVWHGPRGHO
)DWQHVVZDVQRWVLJQLILFDQWO\DVVRFLDWHGZLWKGLDVWROLF%3ZKHUHDVILWQHVVZDVLQYHUVHO\
DVVRFLDWHGZLWKGLDVWROLF%3FRHIILFLHQWSEHWDFRHIILFLHQW7DEOH0RGHO
)LWQHVVEHWDFRHIILFLHQWRILQGLFDWHVIRUDFKDQJHRIILWQHVVRIVWDQGDUGGHYLDWLRQ
:NJGLDVWROLF%3ZLOOFKDQJHE\PP+J)XUWKHUDGMXVWPHQWIRUOLIHVW\OHIDFWRUVGLGQRW
VXEVWDQWLDOO\FKDQJHWKHFRHIILFLHQWVQRUGLGWKH\YDU\E\VH[7DEOH0RGHO)DWQHVVZDV
VLJQLILFDQWO\DVVRFLDWHGZLWKSUHK\SHUWHQVLRQK\SHUWHQVLRQVWDWXVLQERWKVH[HVRGGVUDWLR
S 6XSSOHPHQWDU\7DEOHZKHUHDVILWQHVVZDVQRWDVVRFLDWHGZLWKSUH
K\SHUWHQVLRQK\SHUWHQVLRQVWDWXVLQHLWKHUVH[
)DVWLQJOLSLGV
)DWQHVVZDVLQYHUVHO\DVVRFLDWHGZLWK+'/&LQERWKPDOHVDQGIHPDOHVFRHIILFLHQW
S7DEOH0RGHO)LJXUHE)LWQHVVZDVSRVLWLYHO\DVVRFLDWHGZLWK+'/&LQ
IHPDOHVRQO\FRHIILFLHQWS 7KHVWDQGDUGLVHGEHWDFRHIILFLHQWVVKRZHGWKDWLQ
IHPDOHVIDWQHVVKDGDJUHDWHUHIIHFWRQ+'/&EHWDFRHIILFLHQWFRPSDUHGZLWKILWQHVV
EHWDFRHIILFLHQW,QRWKHUZRUGVWKHIDWQHVVEHWDFRHIILFLHQWRILQGLFDWHVIRUD
FKDQJHRIIDWQHVVRIVWDQGDUGGHYLDWLRQFP+'/&ZLOOFKDQJHE\PPRO/
ZKHUHDVWKHILWQHVVEHWDFRHIILFLHQWRILQGLFDWHVIRUDFKDQJHRIILWQHVVRIVWDQGDUG
GHYLDWLRQ:NJ+'/&ZLOOFKDQJHE\PPRO/7KHGLIIHUHQWLDODVVRFLDWLRQEHWZHHQ
IDWQHVVDQGILWQHVVUHODWLYHWR+'/&LQPDOHVDQGIHPDOHVDUHLOOXVWUDWHGLQ)LJXUH7KHVH
ILQGLQJVGLGQRWFKDQJHDIWHUWKHLQFOXVLRQRISRWHQWLDOFRQIRXQGHUV7DEOH0RGHO
)DWQHVVZDVSRVLWLYHO\DVVRFLDWHGZLWKWULJO\FHULGHVORJFRHIILFLHQWSEHWD
FRHIILFLHQW7DEOH0RGHODQG/'/&LQERWKVH[HVFRHIILFLHQWS EHWD
FRHIILFLHQW7DEOH0RGHO)DWQHVVEHWDFRHIILFLHQWVRIDQGIRUWULJO\FHULGHV
DQG/'/&UHVSHFWLYHO\LQGLFDWHVIRUDFKDQJHRIIDWQHVVRIVWDQGDUGGHYLDWLRQFP
WULJO\FHULGHVZLOOFKDQJHE\PPRO/DQG/'/&E\PPRO/7KHVHDVVRFLDWLRQVZHUH
QRWDOWHUHGDIWHUWKHLQFOXVLRQRISRWHQWLDOFRQIRXQGHUV7DEOH0RGHO7DEOH0RGHO
)LWQHVVZDVQRWDVVRFLDWHGZLWKHLWKHUWULJO\FHULGHVRU/'/&LQXQDGMXVWHGRUDGMXVWHGDQDO\VHV
1HLWKHUIDWQHVVQRUILWQHVVZDVVLJQLILFDQWO\DVVRFLDWHGZLWKFKROHVWHUROLQERWKXQDGMXVWHGDQG
DGMXVWHGPRGHOV7DEOHDOWKRXJKIDWQHVVDOPRVWUHDFKHGVLJQLILFDQFH
+20$,5DQGKV&53
)DWQHVVZDVSRVLWLYHO\DVVRFLDWHGZLWK+20$,5ORJFRHIILFLHQWSDIWHUDGMXVWLQJ
IRUVH[7DEOH0RGHO)LJXUHFZKHUHDVILWQHVVZDVLQYHUVHO\DVVRFLDWHGZLWK+20$,5
ORJFRHIILFLHQWS7KHVWDQGDUGLVHGEHWDFRHIILFLHQWVVKRZHGWKDWIDWQHVVKDGD
JUHDWHUHIIHFWRQ+20$,5EHWDFRHIILFLHQWFRPSDUHGZLWKILWQHVVEHWDFRHIILFLHQW
7KHIDWQHVVEHWDFRHIILFLHQWRILQGLFDWHVIRUDFKDQJHRIIDWQHVVRIVWDQGDUG
GHYLDWLRQFP+20$,5ZLOOFKDQJHE\:KHUHDVWKHILWQHVVEHWDFRHIILFLHQWRI
'RZQORDGHGIURPKWWSVDFDGHPLFRXSFRPMFHPDUWLFOHDEVWUDFWGRLMF
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
LQGLFDWHVIRUDFKDQJHRIILWQHVVRIVWDQGDUGGHYLDWLRQ:NJ+20$,5ZLOOFKDQJH
E\7KHVHHIIHFWVGLGQRWYDU\E\VH[7KHGLIIHUHQWLDODVVRFLDWLRQVEHWZHHQORJ+20$,5
DQGILWQHVVDQGIDWQHVVDUHLOOXVWUDWHGLQ)LJXUH$IWHUIXUWKHUDGMXVWPHQWIRUOLIHVW\OHIDFWRUV
WKHVHHIIHFWVZHUHXQFKDQJHG7DEOH0RGHO)DWQHVVZDVSRVLWLYHO\DVVRFLDWHGZLWKKV&53
LQERWKVH[HVORJFRHIILFLHQWSEHWDFRHIILFLHQW7DEOH0RGHO)DWQHVV
EHWDFRHIILFLHQWRILQGLFDWHVIRUDFKDQJHRIIDWQHVVRIVWDQGDUGGHYLDWLRQFPKV
&53ZLOOFKDQJHE\PJ/7KLVDVVRFLDWLRQZDVQRWDOWHUHGDIWHUWKHLQFOXVLRQRI
FRQIRXQGHUV7DEOH0RGHO)LWQHVVZDVQRWDVVRFLDWHGZLWKKV&53LQHLWKHUPRGHO
',6&866,21
2XUUHVXOWVKDYHVKRZQWKDWWKHDGYHUVHHIIHFWVRIIDWQHVVPHDVXUHGDVZDLVWFLUFXPIHUHQFHDUH
VXEVWDQWLDOO\JUHDWHUWKDQDQ\EHQHILFLDOHIIHFWVRIILWQHVVRQDZLGHUUDQJHRIFDUGLRPHWDEROLF
ULVNIDFWRUVLQWKLVDGROHVFHQWSRSXODWLRQ)DWQHVVKDGDVWURQJSRVLWLYHHIIHFWRQV\VWROLF%3
WULJO\FHULGHV/'/&+20$,5KV&53DQGZDVLQYHUVHO\DVVRFLDWHGZLWK+'/&,Q
FRQWUDVWILWQHVVZDVLQYHUVHO\DVVRFLDWHGZLWKGLDVWROLF%3DQG+20$,5LQERWKVH[HVDQG
ZDVSRVLWLYHO\DVVRFLDWHGZLWK+'/&RQO\LQIHPDOHV$OWKRXJKILWQHVVDWWHQXDWHGWKHDGYHUVH
HIIHFWVRIIDWQHVVRQ+20$,5DQG+'/&IDWQHVVKDGJHQHUDOO\VWURQJHUHIIHFWVRQPRVW
FDUGLRPHWDEROLFULVNIDFWRUV7KHODFNRIDQHIIHFWRIILWQHVVRQV\VWROLF%3LVXQH[SHFWHGEXW
SHUKDSVH[SODLQHGE\WKHGRPLQDQWHIIHFWRIIDWQHVV+RZHYHUWKHLQYHUVHDVVRFLDWLRQEHWZHHQ
ILWQHVVDQGGLDVWROLF%3LVUHOHYDQWLQYLHZRIWKHIDFWWKDWGLDVWROLF%3PD\EHPRUHSUHGLFWLYHRI
FDUGLRYDVFXODUULVNLQ\RXQJHULQGLYLGXDOV3RVVLEOHPHFKDQLVPVIRUWKHPRGHUDWLQJHIIHFW
RIILWQHVVRQDGLSRVLW\UHODWHGLQVXOLQUHVLVWDQFHDQGG\VOLSLGHPLDLQFOXGHLQFUHDVHGPXVFOHPDVV
OHDGLQJWRLPSURYHGLQVXOLQVHQVLWLYLW\DQGOLSRSURWHLQSURILOHVZKLOHUHGXFHGGLDVWROLF%3LV
OLNHO\WRUHVXOWIURPH[HUFLVHILWQHVVUHODWHGDGDSWDWLRQVRISUHUHVLVWDQFHDQGUHVLVWDQFHYHVVHOV
7KXVRXUILQGLQJVSURYLGHDQDOWHUQDWLYHYLHZSRLQWRIWKHµIDWEXWILW¶K\SRWKHVLVDWWKLV
FULWLFDODJHRIGHYHORSPHQW
,QYLHZRIWKHIDFWWKDWDGROHVFHQWDFWLYLW\UHODWHGEHKDYLRXUVDQGREHVLW\WUDFNWRDGXOWOLIH
DQGSUHGLFWDGXOWGLDEHWHVDQGFRURQDU\GLVHDVHWKHVLJQLILFDQWSRVLWLYHHIIHFWVRI
ILWQHVVSDUWLFXODUO\RQDGLSRVLW\UHODWHGLQVXOLQVHQVLWLYLW\+'/&DQGGLDVWROLF%3ZRXOGEH
UHOHYDQWWRUHGXFLQJWKHGHYHORSPHQWRI7\SH,,GLDEHWHVDQGK\SHUWHQVLYH&9'5HVXOWV
IURPWKH&$5',$&RURQDU\$UWHU\5LVN'HYHORSPHQWLQ<RXQJ$GXOWVVWXG\GHPRQVWUDWHG
LQFUHDVLQJILWQHVVRYHUD\HDUSHULRGZDVDVVRFLDWHGZLWKUHGXFHGULVNIRUGHYHORSLQJ7\SH,,
GLDEHWHVDQGWKHPHWDEROLFV\QGURPHEXWZDVQRWDVVRFLDWHGZLWKK\SHUWHQVLRQRU
K\SHUFKROHVWHUROHPLD
3UHYLRXVVWXGLHVH[DPLQLQJWKHµIDWEXWILW¶K\SRWKHVLVLQSDHGLDWULFSRSXODWLRQVKDYHXVHG
GLYHUVHPHDVXUHVRIIDWQHVVGLIIHULQJFDWHJRULHVRIILWQHVVDQGIDWQHVVJURXSVDQGGLIIHUHQW&9'
ULVNVFRUHVGHWHUPLQHGIURPDUELWUDULO\VHOHFWHGULVNIDFWRUV)RUH[DPSOH-DJRHWDO
H[DPLQHGTXLQWLOHVRIILWQHVVVKXWWOHUXQWHVWVDQGIDWQHVV%0,VHSDUDWHO\IRUPDOHVDQG
IHPDOHVLQ86FKLOGUHQDJHG\HDUV7KH\VKRZHGIDWQHVVKDGVWURQJHUDVVRFLDWLRQVZLWKDQ
DGYHUVHFDUGLRYDVFXODUSURILOH2QGUDNHWDODOVRUHSRUWHGWKDWIDWQHVVDVSHUFHQWDJH
ERG\IDWXVLQJVXPRIVNLQIROGVZDVDVWURQJHUSUHGLFWRURIDQDGYHUVHFDUGLRPHWDEROLFULVN
VFRUHWKDQILWQHVVDPRQJDFRKRUWRIZKLWHDQG$IULFDQ\RXWKDJHGDQG
\HDUV$KLJKHU%0,OHYHOZDVDVVRFLDWHGZLWKDJUHDWHUULVNRIEHLQJK\SHUWHQVLYHLQERWKXQILW
DQGILWLQPDOHVDQGIHPDOHVDJHG\HDUV
7KH(XURSHDQ<RXWK+HDUW6WXG\VKRZHGWKDWLQGLYLGXDOVZLWKLQWKHµKLJKILWQHVV¶JURXS
DWWHQXDWHGWKHQHJDWLYHFRQVHTXHQFHVRIWRWDODQGFHQWUDODGLSRVLW\RQ%3LQFKLOGUHQDJHG
'RZQORDGHGIURPKWWSVDFDGHPLFRXSFRPMFHPDUWLFOHDEVWUDFWGRLMF
E\8QLYHUVLW\RI7DVPDQLD/LEUDU\XVHU
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
\HDUVDQG+20$,5DQGIDVWLQJLQVXOLQLQJLUOVDJHG\HDUV5HSRUWVIURP
WKH$&/6FRKRUWKDYHH[DPLQHGDVVRFLDWLRQVEHWZHHQILWQHVVDQGIDWQHVVRQ
FDUGLRYDVFXODUULVNIDFWRUVE\FDWHJRULVLQJDGROHVFHQWVXVLQJPHGLDQVSOLWWHUWLOHVTXDUWLOHVRU
FOLQLFDOFXWSRLQWVVHSDUDWHO\IRUPDOHVDQGIHPDOHV2YHUDOOWKHUHVXOWVVKRZVLJQLILFDQW
GLIIHUHQFHVLQFDUGLRPHWDEROLFULVNIDFWRUVDWWKHH[WUHPHVRIORZYVKLJKILWQHVVRUQRUPDO
ZHLJKWYVRYHUZHLJKWREHVH:LWKLQ%0,FDWHJRULHVWKHORZILWLQGLYLGXDOVH[KLELWHGDKLJKHU
PHWDEROLFV\QGURPHVFRUHFRPSDUHGWRWKHKLJKILWVXEMHFWV
6WUHQJWKVRIRXUVWXG\LQFOXGHWKHODUJHSRSXODWLRQEDVHGVDPSOHZLWKLQDQDUURZDJHEDQG
WKDWKDVH[DPLQHGVH[GLIIHUHQFHVLQSRVWSXEHUWDOLQGLYLGXDOV7KHVHDQDO\VHVZHUHFRQGXFWHGDW
\HDUVRIDJHZKHQSRWHQWLDOFRQIRXQGHUVVXFKDVVPRNLQJGULQNLQJDQG2&XVHZHUH
EHFRPLQJHVWDEOLVKHGEHKDYLRXUVDQGWKHPXOWLSOLFDWLYHHIIHFWVRIWKHVHSRWHQWLDOO\FRQIRXQGLQJ
OLIHVW\OHIDFWRUVFRXOGEHDFFRXQWHGIRU$V%0,FDQQRWGLIIHUHQWLDWHEHWZHHQOHDQDQGIDWPDVV
WKHXVHRIZDLVWFLUFXPIHUHQFHLQRXUVWXG\PD\EHPRUHGLVFULPLQDWLQJ,QGLFHVRIFHQWUDO
DGLSRVLW\EHWWHUHVWLPDWHDZLGHUDQJHRIFDUGLRPHWDEROLFULVNIDFWRUVLQRWKHUSDHGLDWULF
SRSXODWLRQV)DWQHVVDQGILWQHVVZHUHDQDO\VHGDVFRQWLQXRXVYDULDEOHVZKLFKRYHUFRPHV
DUELWUDU\FDWHJRULHVWKDWPD\REVFXUHUHODWLYHHIIHFWVRIIDWQHVVDQGILWQHVVRQFDUGLRYDVFXODUULVN
,QDGGLWLRQWKHSRWHQWLDOPLVFODVVLILFDWLRQELDVRILQGLYLGXDOVLQWRREHVLW\DQGILWQHVVJURXSVLV
UHGXFHGDVFXWSRLQWVXVHGWRGHILQHWKHVHFDWHJRULHVDUHGHULYHGIURPWKHVWXG\SRSXODWLRQV
LQYHVWLJDWHG&DUGLRPHWDEROLFULVNIDFWRUVZHUHH[DPLQHGDVFRQWLQXRXVDQGVHSDUDWHRXWFRPHV
ZKLFKRYHUFRPHVWKHOLPLWDWLRQRIXVLQJDQDUELWUDU\&9'ULVNVFRUHWRH[SUHVVWKHFOXVWHULQJRI
PDLQFRPSRQHQWVRIDGXOW&9'DVQRFOHDUGHILQLWLRQRIWKHPHWDEROLFV\QGURPHH[LVWVZLWKLQ
WKHSDHGLDWULFSRSXODWLRQ/LPLWDWLRQVRIRXUVWXG\LQFOXGHWKHFURVVVHFWLRQDOVWXG\GHVLJQZKLFK
FDQQRWLQIHUFDXVDOUHODWLRQVKLSV7KHXVHRIDVXEPD[LPDOH[HUFLVHWHVWPD\EHDOLPLWDWLRQDVLW
LVOHVVDFFXUDWHWKDQPHDVXULQJWKH92PD[RIDQLQGLYLGXDOXVLQJDPD[LPDOH[HUFLVHWHVW7KH
ODWWHULVFRQVLGHUHGWKHJROGVWDQGDUGSDUWLFXODUO\DWORZHUDQGKLJKHUOHYHOVRISK\VLFDODFWLYLW\
7KHXVHRIDIRRGIUHTXHQF\TXHVWLRQQDLUHWRGHWHUPLQHGLHWDU\KDELWVKDVOLPLWDWLRQVVXFK
DVXQGHUUHSRUWLQJUHSRUWHUELDVGXHWRFRQIXVLRQDERXWVHUYLQJVL]HVDQGUHOLDQFHRQPHPRU\
$IXUWKHUOLPLWDWLRQPD\EHVRPHRIWKHUHODWLYHO\VPDOOUHJUHVVLRQFRHIILFLHQWV+RZHYHU
WKHIDWQHVVDQGILWQHVVFRHIILFLHQWVIRU+'/&LQSDUWLFXODUDUHOLNHO\WREHXQGHUHVWLPDWHVRI
WUXHHIIHFWVGXHWRµUHJUHVVLRQGLOXWLRQELDV¶7KHFRHIILFLHQWVIRU+20$,5V\VWROLF%3DQGKV
&53DUHPRUHVXEVWDQWLDODQGVKRZWKHUHODWLYHFRQWULEXWLRQRIIDWQHVVDQGILWQHVVWRHDFKFDUGLR
PHWDEROLFULVNIDFWRU
2XUILQGLQJVKDYHVLJQLILFDQFHLQYLHZRIWKHREHVLW\HSLGHPLFDQGVHGHQWDU\KDELWVEHLQJ
HVWDEOLVKHGGXULQJFKLOGKRRGDQGDGROHVFHQFH:HKDYHVKRZQWKDWILWQHVVRQO\SDUWLDOO\
DPHOLRUDWHGWKHDGYHUVHHIIHFWVRIDGLSRVLW\RQVHOHFWHGFDUGLRPHWDEROLFULVNIDFWRUVWKXV
SURYLGLQJVRPHVXSSRUWIRUWKHµIDWEXWILW¶K\SRWKHVLV1HYHUWKHOHVVWKHLPSRUWDQFHRISK\VLFDO
DFWLYLW\DQGILWQHVVDWWKLVDJHVKRXOGQRWEHGRZQSOD\HGLQYLHZRIWKHLUNQRZQFRQWULEXWLRQWR
SUHYHQWLRQDQGPDQDJHPHQWRIREHVLW\DQGWKHZLGHUDQJLQJEHQHILWVRISK\VLFDODFWLYLW\
IRUSK\VLFDODQGPHQWDOKHDOWKRYHUDQGEH\RQGPHDVXUHVRIFDUGLRPHWDEROLFULVNIDFWRUV
$VILWQHVVDORQHFDQQRWFRPSOHWHO\UHGXFHWKHDGYHUVHHIIHFWVRIFHQWUDOREHVLW\LWLVFUXFLDO
WKDWKHDOWK\HDWLQJSDWWHUQVFRQGXFLYHWRDYRLGLQJDGLSRVLW\DORQJZLWKSK\VLFDODFWLYLW\FRQWLQXH
WREHWKHWZRSLOODUVRISXEOLFKHDOWKSURJUDPVWRUHGXFHWKHULVNRIREHVLW\UHODWHGFR
PRUELGLWLHVLQDGROHVFHQFHDQGODWHUOLIH
$FNQRZOHGJPHQWV
:HWKDQNWKH5DLQH6WXG\SDUWLFLSDQWVWKHLUIDPLOLHVDQGWKH5DLQH6WXG\7HDPIRUFRKRUWFR
RUGLQDWLRQDQGGDWDFROOHFWLRQ
'RZQORDGHGIURPKWWSVDFDGHPLFRXSFRPMFHPDUWLFOHDEVWUDFWGRLMF
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
$GGUHVVDOOFRUUHVSRQGHQFHDQGUHTXHVWVIRUUHSULQWVWR'HQLVH'HPPHU6FKRRORI
0HGLFLQHDQG3KDUPDFRORJ\5R\DO3HUWK+RVSLWDO8QLW8QLYHUVLW\RI:HVWHUQ$XVWUDOLD
*32%R[;3HUWK:HVWHUQ$XVWUDOLD$XVWUDOLD7HOHSKRQH
)D[(PDLOGHQLVHGHPPHU#XZDHGXDX
7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO+HDOWK	0HGLFDO5HVHDUFK&RXQFLOSURJUDPJUDQW
QXPEHUDQGSURMHFWJUDQWQXPEHUJUDQWV&RUHPDQDJHPHQWRIWKH5DLQH
6WXG\LVIXQGHGE\WKH8QLYHUVLW\RI:HVWHUQ$XVWUDOLD8:$WKH5DLQH0HGLFDO5HVHDUFK
)RXQGDWLRQWKH7HOHWKRQ,QVWLWXWHIRU&KLOG+HDOWK5HVHDUFKWKH8:$)DFXOW\RI0HGLFLQH
'HQWLVWU\DQG+HDOWK6FLHQFHVWKH:RPHQDQG,QIDQWV5HVHDUFK)RXQGDWLRQ&XUWLQ8QLYHUVLW\
DQGWKH5R\DO3HUWK+RVSLWDO0HGLFDO5HVHDUFK)RXQGDWLRQ7KHIXQGLQJVRXUFHKDGQRUROHLQ
WKHSODQQLQJDQDO\VLVRUZULWLQJRIWKLVPDQXVFULSW
'LVFORVXUHVXPPDU\
,WKHGHVLJQDWHGFRUUHVSRQGLQJDXWKRURQEHKDOIRIP\VHOIDQGP\FRDXWKRUVKHUHE\WUDQVIHU
DQGDVVLJQDOOULJKWWLWOHDQGLQWHUHVWLQFOXGLQJFRS\ULJKWDQGDQ\PRUDOULJKWVLQDQGWRWKH
PDQXVFULSWQDPHGLQWKLVVXEPLVVLRQFDOOHGWKH:RUNKHUHDIWHUWRWKH(QGRFULQH6RFLHW\(6
,I(6XOWLPDWHO\GHFOLQHVWRSXEOLVKWKH:RUNLQDQ(6MRXUQDODOOULJKWVLQDQGWRWKH:RUNZLOO
UHYHUWWRWKHDXWKRUV
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